The purpose of a prosthetic cardiac valve is to restore the function of a diseased aortic or mitral valve, and its role in haemodynamics is a passive one: the opening and closing of such a valve is strictly regulated by the pressure differences in the cardiac chambers which communicate through this valve. Therefore we consider that a prosthetic valve should be tested under conditions simulating normal cardiac dynamics. We have designed and constructed a mechanical pulse duplicator with which it is possible to test artificial mitral and aortic valves, even simultaneously if so desired.
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Davila, Trout, Sunner, and Glover (1956) described a pulse duplicator which had a controlled systolic-diastolic ratio, stroke volume, and cardiac rate. The apparatus described below ( Fig. 1 Fig. 2A and B) and consisting of an elastic container A, a connecting tube, and a rigid container B (Fig. 1 ). During systole ( Fig. 2A) THE TESTING SYSTEM.-The displacement pressure of the liquid in the pumping system is transmitted to the elastic bag, inserted into container B, which simulates the left ventricle.
An ordinary rubber anaesthetic bag has been used for this purpose.
From the left ventricle analogue the testing circuit simulating the aorta and left atrium extends.
We have used the duplicator with water as a testing medium. The use of blood would be more physiological (Austen, Shaw, Scannell, and Thurlbeck, 1958) , but it would then be impossible to watch the prosthesis in action. To obtain a transparent liquid with the viscosity of blood, a 40% glycerin solution could be used. We thought, however, that this was of secondary importance, since we can control curve amplitude and shape, peripheral resistances, and systolic and diastolic pressures in the left ventricular, aortic, and left atrial analogues.
Valves.-The prosthetic aortic and mitral valves to be tested are placed in lucite chambers with luer-lock connexions for obtaining pressure recordings across the valve (Fig. 3A and B) . The inflow end of the ventricular analogue is fitted with the mitral valve container and the outflow with the aortic valve container. To establish reference curves a check valve is used alternately in the outflow and in the inflow tracts followed by replacement of the lucite chamber containing the experimental valve for evaluation.
Aorta. Pressure waves are recorded with different types of prosthetic experimental valves in order to evaluate them. Fig. 4A shows the tracing from a ball type aortic valve in which only a slight stenosis is present; Fig. 4B shows a tracing from the same valve with the duplicator working at a higher pressure. No significant modification in the shape of the curve and in systolic-diastolic pressure relationship is seen.
Figs. SA and SB show the tracing from a ball type mitral valve, a modification of a Starr mitral ball valve. Nearly typical curves are seen.
The duplicator may also be used for a prolonged period of time and at a high speed to accelerate the testing programme for performance and durability of the material in question.
CONCLUSIONS
To evaluate cardiac prosthetic valves in vitro a pulse duplicator is needed which simulates the physiological dynamics of the left ventricle, aorta, and left atrium. It must provide pressure curves similar in systole-diastole range and shape to physiological curves, and the valves to be tested must function under similar dynamic conditions. Therefore in order to test a mitral and aortic prosthetic valve in a pulse duplicator, diastolic pressure should be nil in the ventricular analogue, and the aortic pressure should reflect a normal systolic-diastolic pressure difference. The apparatus described in this paper fulfils these requirements. Its major limitation is an inability to reproduce annular motion: this factor, although important in the study of specimens for evaluation of normal atrioventricular and aortic valvular function (Starr, Schnabel, and Mayock, 1953) , is not so necessary when one is dealing with a rigid, total valvular prosthesis.
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